sediments collected from the Carlsberg Ridge and Southwest Indian Ridge at depths of 3690, 1800 and 2461 m, respectively. The three strains had highly similar 16S rRNA gene sequences (99.8-99 .9 % identities) and formed a monophyletic clade within the Brevibacterium 16S rRNA gene tree, showing 98.2-98.9 % 16S rRNA gene sequence identities with type strains Brevibacterium epidermidisNCIMB 702286 Oceans account for approximately 71 % of the earth's surface, making them the largest habitat for micro-organisms. Midocean ridges are formed at divergent boundaries between the oceanic plates and are created by the rapid upwelling and cooling of mantle material. They are characterized by marked seismicity and high heat flow (Iyer et al., 2003) . The Carlsberg Ridge (CR) is the northern section of the Central Indian Ridge, which is a slow spreading ocean ridge separating the African Plate and the Indo-Australian Plate (Murton & Taylor, 2003) . The Southwest Indian Ridge (SWIR) is one of the slowest spreading ocean ridges, which separates the African Plate to the north from the Antarctic Plate to the south (German et al., 1998) . Both the CR and SWIR are less investigated compared to the East Pacific Rise and Mid-Atlantic Ridge. Sediments on the CR and SWIR are important habitats which may provide clues on the modern migration route between the varying vent fauna of the Atlantic and Pacific oceans (Tunnicliffe & Fowler, 1996) .
Brevibacterium is the sole genus within the family Brevibacteriaceae, which belongs to the phylum Actinobacteria, and was originally described by Breed (1953) with Brevibacterium linens as the type species. The description of this genus was later emended by . At the time of writing, there are 36 species of the genus Brevibacterium with validly published names (http://www.bacterio.net/brevibacterium.html, 50 species cited of which 14 were transferred to other genera) that have been isolated from various habitats including deep-sea sediments (Bhadra et al., 2008; Lee, 2006) . Members of this genus are also reported to be degraders of organic pollutants such as phenol and 4-chlorophenol (Cui et al., 2013) .
During a study of actinobacterial diversity in the deep sea of the Indian Ocean Ridges (Chen et al., 2016) , strains FXJ8.128, FXJ8.269 T and FXJ8.309 were isolated from the sediments. Phylogenetic analysis based on the 16S rRNA gene sequences indicated that the strains were related phylogenetically to the genus Brevibacterium and formed a novel monophyletic clade. The aim of this study was to classify the three isolates using a polyphasic approach including phylogenetic, physiological, biochemical and chemotaxonomic analyses. The degradation activity of these strains towards polycyclic aromatic hydrocarbons and polysaccharides at different temperatures is also briefly reported. The temperature at all sampling sites was 2-4 C. The sediment samples were processed using ultrasonication/dilution (Qiu et al., 2008) , and the sample suspensions were inoculated in quadruplicate onto the surface of AMM, ISP 2 (supplemented with 0.2 % CaCO 3 ) and ISP 3 (Shirling & Gottlieb, 1966 ) agar media as previously described (Chen et al., 2016) . The plates were incubated at 28 and 10 C, respectively for 2-15 weeks. Strains FXJ8.128, FXJ8.269 T and FXJ8.309 were obtained from AMM plates at 10 C inoculated with M1, ISP 2 plates at 28 C inoculated with N1, and ISP 3 agar plates at 28 C inoculated with MS2, respectively. The isolates were purified on ISP 2 agar and then cryopreserved in 20 % glycerol at À80 C.
Genomic DNA extraction from the isolates was performed as previously described (Chun & Goodfellow, 1995) . Almost complete 16S rRNA genes were PCR-amplified using the primers 27f and 1492r (Lane, 1991) . Reaction products were checked, purified and cloned into the vector pMD 18-T (Takara) and sequenced using an Applied Biosystems 3730XL DNA sequencer. Almost full-length 16S rRNA gene sequences were obtained and edited with MEGA 5.20 software package (Tamura et al., 2011) . The nearest related taxa were retrieved from the GenBank database. Phylogenetic analysis was conducted with MEGA 5.20. The phylogenetic tree was reconstructed using the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-parsimony (MP) (Fitch, 1971) and maximum-likelihood (ML) (Felsenstein, 1981) tree-making algorithms, and the tree topology was evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings. Kimura's 2-parameter model was chosen as a substitution model for NJ tree reconstruction. The NCBI blastn (Align two or more sequences) server was used to calculate 16S rRNA gene sequence identities.
Random amplified polymorphic DNA (RAPD) analysis was performed as previously described (Roberts & Crawford, 2000) with the arbitrary oligonucleotide primers 70-34. Amplicons were separated on a 2 % agarose gel and stained with Golden View (Biomed).
The genomic DNA G+C content was determined using the HPLC method (Mesbah et al., 1989) . DNA-DNA hybridization (DDH) values between the isolates and the related type strains were determined using both the modified fluorescent microplate method of Rong & Huang (2012) and the thermal denaturation and renaturation method as described by De Ley et al. (1970) and Huss et al. (1983) .
The morphological and general physiological characteristics of the strains were investigated on nutrient agar (OXOID) incubated at 28 C for 3 days. The Gram reaction was performed using the non-staining method described by Buck (1982) . Motility was examined according to the method of Gerhardt et al. (1994) . Morphological observations were carried out by light microscopy (Axioscop; Zeiss) and field emission scanning electron microscopy (SU 8010; HITA-CHI). To compare the novel isolates with closely related type strains, the physiological and biochemical analyses of all strains were performed under the same conditions. Growth was investigated on nutrient agar plates incubated for 3-7 days at 2, 4, 8, 10, 16, 28, 37, 42 and 45 C, in the presence of 0-20 % (at intervals of 1 %), 22, 25 and 30 % (w/v) NaCl, and at pH 4-12 (using increments of 1 pH unit). NaH 2 PO 4 /HCl, NaH 2 PO 4 /Na 2 HPO 4 and Na 2 HPO 4 / NaOH buffer systems were used to maintain the pH values of the medium. Catalase and oxidase activities were determined as described previously (Trujillo et al., 2006) . The isolates and the reference strains were qualitatively tested for their activity in the degradation of cellulose, chitin, pectin, fluoranthene and phenanthrene at 4, 10, 16 and 28 C, using the previously described media and methods with modifications (Augustine et al., 2013; Kiyohara et al., 1982; Veiga et al., 1983) . Carbon source utilization and chemical sensitivity were evaluated using GEN III MicroPlate assays (Biolog) with inoculating fluid (IF) B after incubation for 72 h at 28 C as described by the manufacturer. Other physiological and biochemical characteristics were examined using API ZYM and API 20E strips (bioM erieux) according to the manufacturer's instructions and incubated at 28 C for 48 h. UPGMA (Unweighted Pair Group Method with Arithmetic Mean) clustering of the physiological and biochemical characteristic profiles of all tested strains was analysed with the software package BioNumerics version 6.1 (Applied Maths, Belgium).
For fatty acid analysis, the isolates and the related type strains were grown on tryptic soy agar (Difco, BD) plates at 28 C for 2 days, and cells at the same physiological age were harvested according to the standard method provided by Sasser (1990) . Fatty acids were extracted, methylated and analysed using the standard MIDI system (Microbial Identification, Sherlock version 6.0) (Sasser, 1990) and an Agilent GC 6890 gas chromatograph. The resulting profiles were identified using the database TSBA6, version 6.0. Mycolic acids were extracted and determined using the method described by Müller et al. (1998) . For other chemotaxonomic studies, the strains were cultivated in ISP 2 broth at 28 C for 2 days on a rotary shaker at 180 r.p.m. and then harvested and washed three times with distilled water. The whole-cell sugars were examined according to the standard procedure (Hasegawa et al., 1983) . The amino acids were analysed using the purified cell-wall hydrolysates, prepared as described by Schleifer & Kandler (1972) , with high speed amino acid analyzer (model L-8900; HITACHI) according to the method developed by Schleifer (1985) . Menaquinones were extracted and purified using the method of Collins (1985) and analysed by HPLC with a Cosmosil 5C 18 column (4.6Â250 mm; Thermo). Polar lipids were extracted using the method described previously (Minnikin et al., 1984) , separated by two-dimensional TLC (silica gel 60, 10Â10 cm; Merck) and detected by spraying with a-naphthol reagent (for glycolipids), ninhydrin (amnio groups), molybdenum blue (phospholipids) and molybdophosphoric acid (total lipids) (Table S1 , available in the online Supplementary Material), as determined with both the modified fluorescent microplate method (Rong & Huang, 2012) and the thermal denaturation and renaturation method (De Ley et al., 1970; Huss et al., 1983) . The DDH results confirmed that the isolates belong to a distinct genomic species (Wayne et al., 1987) . The genomic fingerprints produced by RAPD also supported this finding and demonstrated that the isolates are not clonal varieties (Fig. S1 ).
After incubation for 3 days on nutrient agar at 28 C, colonies of strains FXJ8.128, FXJ8.269 T and FXJ8.309 were round (1.5 to 5 mm in diameter), convex, smooth and pale yellow-pigmented. The cells were non-spore-forming, non-motile, Gram-reaction-positive and irregularly shaped rods (0.7-1.2 µm long and 0.4-0.5 µm wide) (Fig. 2) . The strains exhibited growth at 8-37 C, at pH 5-11 and in 0-20 % (w/v) NaCl on nutrient agar after incubation for 3-7
Brevibacterium iodinum DSM 20626 T (X83813)
Brevibacterium T were set as outgroups. Numbers at branch nodes are percentages of bootstrap replicates of 1000 resamplings; only values >50 % are shown. Bar, 0.01 substitutions per nucleotide position. Letters 'a' and 'b' indicate branches that were also recovered using ML and MP methods, respectively.
days. Optimal growth occurred at 25-28
C, pH 7-8 and in 3.3 % (w/v) NaCl. All the isolates and the related type strains were negative for utilization of D-sorbitol, but were positive for utilization of acetic acid, p-hydroxyphenylacetic acid and propionic acid, for weak acid production from D-glucose, for production of catalase, cystine arylamidase, esterase (C4), esterase lipase (C8), leucine arylamidase, lipase (C14), alkaline phosphatase and valine arylamidase, for acetoin production (VP) and gelatin liquefaction, and for resistance of aztreonam, lithium chloride, nalidixic acid, sodium bromate, sodium butyrate and 1 % (w/v) sodium lactate.
The physiological and biochemical features of the novel isolates are summarized in Table 1 and in the species description. The characteristics in Table 1 also differentiate the isolates from their phylogenetic neighbours, with 14-37 different characteristics between the isolates and each of the related type strains. Moreover, all the isolates were positive for utilization of myo-inositol, but all the related type strains were negative. The UPGMA clustering of all tested physiological and biochemical characteristic profiles of the isolates and closely related type strains was similar to the phylogenetic analysis result, showing that the isolates formed a distinct cluster loosely related to the recognized species of the genus Brevibacterium (Fig. S2) . The phenotypic characteristics between the novel isolates were similar but not identical. For example, strains FXJ8.128 and FXJ8.309 were positive or weakly positive for utilization of L-aspartic acid and methyl pyruvate, and for resistance of potassium tellurite and troleandomycin, whereas strain FXJ8.269 T was negative (Table 1) .
For the biodegradation activity, all three isolates showed pectin degradation activity at 16 and 28 C and fluoranthene degradation activity at 4, 10 and 16 C. FXJ8.128 also degraded fluoranthene at 28 C, and strain FXJ8.309 showed weak activity towards phenanthrene at 4, 10 and 16 C. These characteristics also differentiated the isolates from the related type strains, of which none degraded fluoranthene at 16 or 28 C and only Brevibacterium oceani BBH7 T showed pectin degradation activity (Table S2 ). All the tested strains were negative for degradation of cellulose and chitin.
The fatty acid profiles of the isolates were similar to those of the closely related species (Table S3 ). The major fatty acids (>10 %) of strains FXJ8.128, FXJ8.269
T and FXJ8.309 were anteiso-C 15 : 0 (60.1, 61.6 and 56.8 %, respectively) and anteiso-C 17 : 0 (18.9, 18.5 and 25.4 %, respectively). C 14 : 0 and summed feature 7 were presented in strains FXJ8.128 and FXJ8.269 T but not in strain FXJ8.309. Mycolic acids were not present in the isolates. The isolates contained cysteine and meso-diaminopimelic acid as the cell-wall amino acids, and glucose and galactose as the characteristic wholecell sugars. MK-8(H 2 ) was the predominant respiratory menaquinone (89.4-92.0 %) and MK-7(H 2 ) was the minor menaquinone (Fig. S3) . The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, an unidentified glycolipid and two unknown polar lipids (Fig. S4) . These chemotaxonomic characteristics were in line with the assignment of the three isolates to the genus Brevibacterium.
In summary, the morphological, chemotaxonomic and phylogenetic characteristics show that strains FXJ8.128, FXJ8.269 T and FXJ8.309 are members of the genus Brevibacterium. However, the three strains can be distinguished from the most closely related species of the genus Brevibacterium in terms of genetic characteristics, such as DDH values and RAPD profiles (Table S1 and Fig. S1 ), and a number of physiological and biochemical traits as shown by UPGMA clustering (Table 1 and Fig. S2 ). The high identities 16S rRNA gene sequence and the >70 % DDH values between the three isolates indicate that they should belong to the same species. It is therefore proposed that strains FXJ8.128, FXJ8.269 T and FXJ8.309 represent a novel species of the genus Brevibacterium with the name Brevibacterium sediminis sp. nov. The type strain is FXJ8.269
Description of Brevibacterium sediminis sp. nov.
Brevibacterium sediminis (se.dimi.nis. L. gen. n. sediminis of sediment).
Cells are non-spore-forming, non-motile, Gram-reactionpositive and rod-shaped (0.7-1.2 µm long and 0.4-0.5 µm wide). Colonies on nutrient agar are round (1.5 to 5 mm in diameter), convex, smooth and pale yellow-pigmented with entire margins after incubation for 3 days at 28 C. The growth temperature range is 8-37 C, with an optimum at 25-28 C on nutrient agar for 3-7 days. Growth occurs at pH 5-11 and in the presence of 0-20 % (w/v) NaCl on nutrient agar. Optimum growth is observed at 
